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Fig. 1. Study area and wells location in Bagheyn plain.
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g Wells name Longitude Latitude
! Tolombeh-ye 455700 3346900
Robati

2 Saadi 473500 3341500
3 Jonob-Bagheyn 490750 3332200
4 Nouzari 492850 3356500
5 Momenabad 496850 3340950
6 Dasht-Bagheyn 497200 3335750
7 Glomak 499100 3328200
8 Tolombe Badi 514650 3341250
9 Dasht-

Hosseinabad 514750 3344050
10 Jade Mahan 518870 3345094

Table. 1. Wells location.
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Ground Water table level (m)
water
level Min Max Mean SD
(m)

1647 64.64 8135 73.55 5.15
1686.08  67.21 84 76.83 4.61
1774.02  42.66 46.38  44.79 1

1740 4026 4146  40.94 0.37
1759.37 38.78 42.59  40.71 1.15
1779.78  53.06 6194  57.96 2.47
1840.65 89.76  93.69  91.68 1.26

1781 53.58 59.05  56.11 1.64

1774 7626 7993  78.32 1.11

10 1780.5 109.2 1255 117.13 5.04
Table. 2. Statistics value of the groundwater level in
the Bagheyn plain.
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Parameter Range
Population Size 20
Number of variables 30
Total Iteration Number 500
Omega min , OMega max 0.1,0.9
Cl and C2 2

Table. 3.Values of the PSO properties for estimating
groundwater level.
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Table. 5. Values of the weight functions on WLSSVM
model (12).
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Table. 4. Values of the GSA properties for estimating
groundwater level.
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WLSSVM Parameters
Well ™ W[ SSVM-PSO WLSSVM-GSA

ID o 7 o 7

1 | 519.44 | 8084.90 | 552.66 | 9139.39
2 | 433.12 | 457220 | 61851 | 9197.39
3 | 33827 | 9776.40 | 427.41 | 9431.96
4 | 52840 | 11018.95 | 690.13 | 13959.0
5 | 44248 | 604128 | 52825 | 9268.92
6 | 491.52 | 486022 | 612.48 | 833647
7 | 45576 | 6299.20 | 591.54 | 11205.77
8 | 550.67 | 7482.02 | 716.05 | 12079.13
9 | 332.91 | 3241.09 | 487.43 | 6948.17
10 | 243.63 | 2889.54 | 341.08 | 5643.96

Table. 6. Optimal WLSSVM parameters achieved PSO and
GSA for observed wells.
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WLSSVM-PSO
Statistical indicators

V}[BH by using WLSSVM-PSO model

MAE RMSE AAE EF
1 0.0276  0.0293  0.0343  0.9989
2 0.0294 0.0316 0.0356  0.9990
3 0.0039  0.0043 0.0084  0.9995
4 0.0002  0.0003 0.0004 0.9999
5 0.0076  0.0082 0.0181  0.9985
6 0.0176  0.0192  0.0287 0.9991
7 0.0189 0.0199 0.0202  0.9962
8 0.0195 0.0217 0.0332  0.9987
9 0.0077 0.0081 0.0097 0.9984
10 0.0944  0.106 0.0760  0.9970

Table. 7. Results of statistical indicators on WLSSVM-PSO
model.

G bbby s bl el mls slie V.dsde
WLSSVM-GSA
Statistical indicators

V}/Ie)ll by using WLSSVM-GSA model

MAE RMSE AAE EF
| 0.0259  0.0276  0.0323  0.9991
2 0.0207  0.0223  0.0251  0.9994
3 0.0035  0.0039  0.0076  0.9996
4 0.00003  0.00005 0.00002 0.9999
5 0.0060  0.0065 0.0143  0.9991
6 0.0103  0.0113  0.0168  0.9997
7 0.0151  0.0158  0.0161  0.9965
8 0.0139  0.0156  0.0237  0.9991
9 0.0053  0.0055  0.0066  0.9990
10 0.0676  0.0759  0.0544 0.9976

Table. 8. Results of statistical indicators on WLSSVM-GSA
model.
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Abstract

Groundwater is the most reliable source of supply for potable water and supports a wide array of economic
and environmental services. There is a significant concern that groundwater levels are declining due to intense
aquifer use. The sustainable management of groundwater resources requires good planning and concerted
efforts. To manage groundwater resources, it is necessary to predict the groundwater levels and its fluctuations.
The prediction groundwater level can guide water managers and engineers effectively. On the other hand, there
are multifarious types of equipment for measuring levels of groundwater. Sophisticated water level loggers or
divers can measure the groundwater level automatically. Sounding devices with acoustic and light signals are
also used to check groundwater levels. The use of devices for measuring the level of groundwater is time-
consuming and costly. To reduce the time and cost of the groundwater level measuring process, many methods
of Artificial Intelligence (AI) have been utilized for estimating the groundwater level. Among the Al methods,
SVMs has great ability in predicting non-linear hydrological processes. Support vector machines (SVMs) is
as an intelligent computational method for predicting hydrological processes. Recently, (SVMs) have been
successfully applied in classification problems, regression and predicting; as techniques of machine learning,
statistics and mathematical analysis. The SVM is based on the structural risk minimization (SRM), which can
escape from various difficulties, such as the necessity of a large number of control parameters and a local
minimum in artificial neural networks (ANNs). The weighted least squares support vector machines
(WLSSVM) was first introduced by Suykens et al., and has proved to be much more robust in several fields,
especially for noise mixed data, than least squares version of SVM (LSSVM). Their powerful scientific
research provides motivation for %mploying WLSSVM method in estimating groundwater level. The accurate
value of WLSSVM parameters ,0) effect on the estimation, these optimal parameters can be achieved

optimization algorithms. Therefore, weighted least square support vector machine (WLS-SVM) model was
coupled with particle swarm optimization (PSO) and gravitational search algorithm (GSA) as metaheuristic
algorithms for estimating well water level. In this study, an attempt has been made to use the hybrid model
with high accuracy to estimate the groundwater level. In order to estimate the groundwater level, ten wells
data in Bagheyn plain of Kerman province is considered during ten-year time series. The estimated value
obtained by the WLSSVM-PSO and WLSSVM-GSA models are compared with the observed value, and
showed the estimated results have nearly coincidence with observed values. Numerical results show the merits
of the suggested technique for groundwater level simulation. In order to verify the hybrid learning machine
metaheuristic model, Mean Absolute Error (MAE), Root Mean Squared Error (RMSE), Average Absolute
Error (AAE), and Model Efficiency (EF) are computed, and these statistical indicators stand on the good
acceptable range, and find WLSSVM-GSA is more accurate than WLSSVM-PSO. The results demonstrate
that the new hybrid WLSSVM-GSA model has high efficiency and accuracy with observed values, and the
modelling method is an innovative and powerful idea in estimating well water level.

Keywords: Groundwater level —-Weighted least square support vector machine — Particle swarm optimization—
Gravitational search algorithm-Efficiency.
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